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INTRODUCTION acs 


The diapause, or resting stage, of the pink bollworm, (Pecti- 
nophora gossypiella Saund.),has been studied under many different 
environmental conditions, yet there is still much disagreement as to 
the factors which initiate its development and limit its duration. 
Puerto Rico, a semitropical country, is an ideal place for the study 
of diapause phenomena since low temperature is not encountered. The 
resting stage of the pink bollworm is a.true diapause, since develop- 
ment in a small number of cases is arrested spontaneously even. under 
apparently favorable climatic conditions. 


Larval behavior of this pest has been s studied in relation to 
definite changes in the environmental complex over Ey period of years 
in order to determine the factors responsible for the development and 
duration of the diapause in the field. In the laboratory controlled 
experiments were conducted in which environmental changes were induced 
in order to aid in the SED eT pre tert of the oer of the environ- 
méntal complex on the larval stage. 


WOISTURE AS A FACTOR INDUCING THE DIAPAUSE 


Effects of Rainfall on Abundance of Larvae 
. Going through the Diapause 


The abundance in Puerto Rico of the resting stage in the field 
was determined in four localities over a period of two years, and 
these records have been correlated with rainfall in,order to show 
their relationship. These data are shown in table 1. It will be noted 


B) 


that larvae going through the diapause occurred in abundance only during 


periods of drought, i.e., 2 inches or less of rainfall 30 days prior to 
ees date of observation or less than 5.5 inches 45 days prior. This 

relationship was most clearly shown during the period 1945 at Isabela. 
An abundance of resting larvae occurred during January, Feoruary, and 
March, a period of severe drought. Very few long-cycle larvae occurred 
from June to December 1936, a period of heavy rainfall. During another 
period of drought, November 1937 to January 1938, larvae in the resting 
stage were again abundant. 


From these studies one must conclude that pink bollworms under- 
soing the diapause occur in abundance during periods of drought regard- 
less of the. age of the crop or the time of year at which this takes 
place. Also a few resting larvae occur regardless of the amount of 
rainfall, an indication of the existence of an inherited cycle that 
cannot be broken within several generations. 


Table 1.---Relation between rainfall in the preceding 30 and 45 days to 
changes in abundance of resting larvae of the pink bollworm 
in green and open cotton bolls. Puerto Rico, 1936 to 1938. 


SS 


; Type of : Date of : Number : Percent- : Total emount of precip- 


bOCality, £ IxvGiting "r rnstarl="* of > age of : itation during various 
2 LOrm : ation : records: resting : periods prior to date 
: : | : : larvae :_of installation 
ee earn: ee Ts ers ee, es Se eee Oey oe Cer umcery Suet 
1936 
[satelaw 4 Open toll :van.) & +: 60 Gon 3 1206 3 1.46 
i : " ies eg AO Praia Aa BN She ad 65 $3 1.46 1.46 
” 5 : s June [5 "ee ary ‘A Tope Be 23.33 
tt : i rally Libis Teer ah en ke ve B00 7°. Wee ie Are 
a : " Pol Rear caer. # REVEoT ee ae ee om: 11.45 
" : " rae ar Le te Me TO ‘hie a sO 8.64 
ee : n - ‘Sept. Wo: 7 B55 ae gay rs 13.50 
Boqueron : " suuine! Oa, aie tT ee il Zeon 10.60 
i" : It e Angola wea oye ls 25 3: Al eis IGd0 
Lob ak 
Isebela :Green bolls: Sept.15 : 200 ; 5 2625 14 
M" : " ce] Ot Yate neers Bre eae om: Ub. 3 6.16 
" : n » Nove Gee” wl ieee oa hee ain 2,5) of 3269 
Aguadilla: I s Alife: 1G) eae eke. OQ os Fel $493 
Boqueron ; Open boll : Mar. e Dy the tees 8&9 : @) 0 
8 : " : ABYe 17 389 3 100 ‘ Lest: yh ses 8, 
Mayaguez :Green bolls: Oct. 15 : 128. : 0 : 10.19 3: 11.95 
" : Wave est. oe ee ee Sekar Brey; PUA 
Hatillo : " inte eT Yet TL wee ee 423 485 
1938 
Isatela” iGreen*bolle: Jan. 10 93°" 297 13 ugey 4U.83 5.55 
Mayaguez 3 M" mPa RYO) PRS MY Mac en 1G: Sets Wea 1.36 


cn er A RC 


I 
\N 
I 


Reaction of Larvae to Artificial Drought 
Conditions in the Laboratory 


Methods 


Field observations showed that a high percentage of the larvae 
develop into a resting stage on plants suffering from water deficiency. 
In order to confirm these field observations, the behavior of pink 
bollworm larvae developing on plants receiving an abundant supply of 
water and on plants suffering from water deficiency in a greenhouse 
was studied. - 


Cotton plants were grown in 5~gallon oil cans filled with sandy 
loam soil, to which fertilizer had been added. About two inches of 
eravel was previously placed on the bottom of each can, and five holes 
were cut in the bottom to permit drainage. . The cans were then placed 
on boards, 2 feet x 2 feet x 16 inches, on a large. platform in the 
greenhouse. After many bolls had set, 85 days after planting date, 
the amount of water supplied to 132 plants was so regulated as. to 
cause severe wilting and shedding of leaves and fruiting forms. The 
remaining plants were given daily applications of water. These plants 
were vigorous and healthy, bearing many fruiting forms per plant. 
Blooms on all plants were tagged daily so that the age of the bolls 
would be known. First-instar larvae were artificially installed on 
green bolls ranging in age from 11 to 40 days. From 16 to 23 days 
after date of installation, the larvae were ‘removed from the bolls and 
classified as to the conditions under which they had developed. The 
larvae were permitted to spin up between the bottom surface of petri 
dishes and thin disks of absorbent cotton. This technique permitted 
observation without disturbing the larvae. 


Continuous temperature and relative-humidity records were taken 
in the insectary and greenhouse by the use of hygrothermographs. The 
greenhouse was covered on top with transparent glass while the sides 
were enclosed with fine mesh wire The mean daily temperature in the 
greenhouse was 82. HOW, thts being 3, OF, higher than in the insec- 
tarye The mean daily relative humidity in the greenhouse was 83.3 
percent, this being 3.7 percent higher’ than in the insectary. 


Relation Between the Age of Cotton Bolls 
and Moisture Content of the Seed and Lint 


The moisture content of the seed and lint (the insect's food) 
of green and open bolls of various ages was determined on October e4rd, 
and again on November | 12th. This was accomplished by drying the mater- 
ial in an oven at 215°F. for 48 hours. As shown in table 2, in all 
Cases except one the moisture content “of the seed and lint in the 
normally watered series was always higher than in the water-stressed 
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series, this difference becoming greater as the age of the boll increases. 
The moisture content of the seed and lint was inversely proportional to 
the age of the boll, regardless of whether the plants suffered from water 
deficiency or not. The coefficient of correlation between these two 
factors on October 23 in the normally watered series was -0.9%640.005. 


Table 2.-~-Relation between the age of cotton bolls grown on 
water-stressed and not water-stressed plants in the 
greenhouse and the moisture content of the séed and 
lint on October 24 and November 12, Mayaguez, P. Re, 
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Relation Between the Moisture Content of the 
Seed and Lint and Abundance of Larvae in 
the Diapause 


The relation between the moisture content of the seed and lint 
and abundance of larvae in the diapause was also determined. As 
shown in table 3, the percentage of resting larvae from bolls on 
water-stressed plants was always higher than the percentage of long-~ 
cycle larvae from bolls grown on the normally watered plants, the 
averages being 86.4 percent and 57.1 percent, respectively. The 
moisture content of the seed and lint was inversely proportional to 
the percentage of resting larvae, the coefficient of correlation being 
~0.55240.169. 


Table 3.---Relation between the percentage of resting pink boll- 
worm larvae, moisture content of the seed and lint, and 
age of cotton bolls grown on normally watered and water- 
stressed plants in a greenhouse, Mayaguez, P.R., 1937. 
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4 Age of bolls not definitely known but around 35 days. 
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Relation Between Various Types of Fruiting 
Forms and Abundance of Larvae in the Diapause 


Since various types of fruiting forms on the cotton plant vary 
greatly in their moisture content, the percentage of resting larvae 
that develop in each type was determined. Four types of fruiting 
forms, namely, young green bolls (soft), old green bolls (hard), 
young dry bolls (shed when very young, but did not drop from the 
plant), and open bolls were collected at random in the same field 
during periods of drought and heavy rainfall. The percentage of 
resting larvae in each type of fruiting form was determined by the 
petri dish method as described »vreviously. 


As shown in table 4, the highest percentage of long-cycle 
larvae occurred in the older fruiting forms, i.e., in bolls contain- 
ing the least amount of moisture. 


Table 4.---Relation between the percentage of resting pink 
bollworm larvae and various types of cotton bolls 
duving a period of drouth and heavy rainfall, 
Mayaguez, P.R. 
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i. 
ay Observations made on Nove 23, 1957; rainfall Oct., 10.432 ine; Nov. 1 
to Cas (e553 INCHES 


a Observations made on Jan. 20, 1958; rainfall Dec. 0.5 ine; Jan. 1 to 
20) 166 inches. 


iF Bolls were shed when very young but did not drop off the plant. 


EFFECTS OF TEMPHRATURE AND MOISTURE ACTING 


TOGETHER ON THE DEVELOPMENT OF 
THE DIAPAUSE 


In order to determine the effects of temperature and moisture 
acting together in causing the development of the diapause, numerous 
fourth-instar short-cycle larvae were placed in desiccators where 
relative humidities of 1 to 100 percent were maintained at various 
high temperatures, As checks, larvae were held at room temperature 
and room relative humidity. The percentage of resting larvae was 
based on the relative numbers of larvae and pupae 30 days after date 
of installation. 


Three exneriments were conducted, and the results are shown 
in table 5. It will be noted that the highest percentage of rest 
ing larvae was found in treatments at 75 percent relative humidity 
or lower, this being especially true at the higher temperatures. Very 
few long—-cycle larvae were found in treatments maintained at 90 or 100 
percent relative humidity regardless of the temperature. 


These results again show the importance of moisture in the 
ecology of this species. Low humidity and high temperature reduce 
the water content of the larvae by evaporation, thereby decreasing 
the rate of metabolism and causing cessation of development. 


Sees 


Table 5.---Hffects of temperature and moisture on the development of fourth- 
instar pink bollworm larvae extracted from green cotton bolls, 
Mayaguez, P.R., 194/. 
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MOISTURE CONTENT OF RESTING AND NON-RESTING 


LARVAE AND ITS PROBABLE SIGNIFZCANCE 





The foregoing investigations indicate that the moisture content 
of the insect's food greatly influences its future development, i.e., 
whether the mature larvae pupate immediately or enter the diapause. 
It was therefore deemed important to measure the moisture content of 
resting and non-resting larvae. This was accomplished by drying the 
larvae in an. oven at 215° F. for 48 hours. 


de 


Table 6.---Moisture content of resting and non-resting pink bollworm 
larvae, Mayaguez, P.R., 1937. 
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Yaach sample contained 25 or more larvae. 


As shown in table 6, the moisture content on non-resting larvae 
averaged 7.9 percent higher than resting larvae. This condition was 
probably caused by the difference in the moisture content of their food. 
These results are of special interest when compared with the results 
obtained by Robinson in connection with this subject. He (1/ e/) found 
that a direct relationship exists between the water content of various 
species of insects and their food, i.e., species which live on food 
containing a low percentage of water have themselves = small amount of 
water in their own tissues, and vice versa. He further shows that 
some species of insects which live under low moisture conditions have 
the remarkable capacity of adapting themselves to such conditions by 
binding on the surface of their colloids 1 large proportion of the 
available water and in this way protecting themselves against loss by 
evaporation. These studies on the diapause in the pink bollworm indi-~- 
cate a similar relationship. 


a Robinson, W. 1928. Response and adaption of insects to external 
stimuli. Ann. Ent. Soc. Amer. 21 (3) : 407-417. 


ef Robinson, %. 192%. Water conservation in insects. Jour. Econ. 
Ent. .21(6) : &97-901. 
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THE ENVIRONMENTAL COMPLEX AND ITS RELATION TO 


A study of pink bollworm larvae in relation to changes in 
the environmental complex over a period of years permits the evalua- 
tion of the action of the environment on its behavior, i.e., how 
changes in the environmental complex induce the development of the 
diapause. The most important factor in this connection under tropi-~ 
cal conditions is the moisture content of the bolls, the insect's 
food. This, of course, is dependent upon the amount of water avail- 
able to the cotton plant, which in turn is dependent upon the combined 
effects of the following factors: (1) soil moisture, which is deter- 
mined by precipitation, temperature, evaporation, air movement, nebul- 
osity, relative humidity, etc.; (2) soil texture, which is again af- 
fected by the size of the soil particles, organic matter, number of 
living organisms, etc.; and (3) the number of plants per unit area in 
competition for moisture. 


TERMINATION OF THE DIAPAUSE 


In order to evaluate the importance of rainfall on the duration 
of the diapause, experiments were conducted in the laboratory so that 
the various factors could be controlled separately. Four hundred and 
fifty heavily infested open cotton bolls were placed in each of two 
cages. The bolls in one cage were kept continuously moist by frequent 
applications of water. The bolls in the other cage were left dry. 

Adult emergence from each cage was recorded daily. The results are 
summarized in table 7. It will be noted that moisture greatly accelerated 
emergence. Fifty percent of the moths had emerged from the moistened 
bolls 32.5 days after date of installation, and all had emerged after 

5 days. From the bolls kept under dry conditions 50 percent had not 
emerged until 109.9 days had passed, and all had not emerged until after 
258 days. The maximiza duration of the dinapause in the field was found 

to be 1l7e days during 2 period of severe drought. 


These results show that moisture is the important factor limit- 
ing the duration of the diapause under tropical conditions, and that in 
the field, under conditions of heavy rainfall, pupation and emergence of 
all resting larvae would be completed in about 60 days. They also indi- 
cate that it may perhaps be possible to reduce pink bollworm damage by 
adjusting the planting date to the distribution of rainfall, or by 
irrigation. 


Table 7.---Comparative rate of emergence by 20 day periods of 
pink bollworm moths from resting larvae in open 
cotton bolls when held under dry and moist conditions 
inthe insectary.. Mayaguez, P.R., 1937. /a 
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/a_ Four hundred and fifty heavily infested open bolls were placed 
in each of two cages on April 17, each cage containing approx~ 
imately 329 longe-cycle larvae. 

‘ 
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SUMMARY AND CONCLUSIONS 


Over a period of years, the behavior of pink bollworm larvae 
has been studied in relation to definite changes in the environmental 
complex in order to determine the combination of factors that initiates 
the development and termination of the diapause in the field. In the 
laboratory, controlled experiments were conducted in which environmental 
changes were induced in order to aid in the interpretation of the 
effect of the environmental complex on the larval stage. 


It was found that larvae undergoing the diapause occur in 
abundance during periods of drought, regardless of the age of the crop 
or the time of the year at which this takes place. A few resting larvae 
always occur in the field regardless of the amount of rainfall - an 
indication of the existence of an inherited cycle which cannot be broken 
within several generations. 


Dry food caused by drought conditions, i.e., lack of rainfall, 
high temperatures, low humidity, excessive air movement, etc., reduces 
the water content of the larvae themselves, thereby decreasing the rate 
of metabolism, and causing cessation of development. 


The moisture content of the seed and lint was inversely pro- 
portional. to the age of the boll, the coefficient of correlation being 
-0.986+0.005. The moisture content of the seed and lint was also in- 
versely proportional to the percentage of resting larvae, the coefficient 
of correlation being -0.55240.169. 

Moisture is the most important factor limiting the duration of 
the diapause under tropical conditions; and in the field, under con- 
ditions of heavy rainfall, pupation and emergence of all resting larvae 
would be completed in about 60 days. 


These studies suggest that it may be possible to reduce pint 
bollworm'damage, since the abundance of the diapause in the field, and 
therefore the carry-over, may be-partially controlled by adjusting the 
planting date to the distribution of rainfall, or by irrigation. 
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(Read at the meeting of the American Association of Economic 
Entomologists, February 21, 1939, Tampa, Florida) 


